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[ I 57 ABSTRACT 

A system for detecting a nuclear weapon explosion and 
assessing damage therefrom comprising a sensor head 
and an electronic signal processor is d&closed. The 
sensor head is spherical in shape and comprises a plural- 
ity of temperature sensors at different 1ocations On the 
sensor head and provide information concerning rhe 
direction of the radiation. Elapsed time between ther- 
mai pulse peaks mezure yield of the weapon. A pluraI- 
ity of pressure senars embedded in the sensor head 
meaSure blast overpr~sure+ l%e time lapse between the 
temperature and pressure signals measures distance. 
Gamma and neutron sensors indicate the tvpe of 
weapon and radiation hazard. The eltctrc& signal 
processor provides the necessary calculations. 

12 claims, 2 Drawing Sheets 
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MCMTORISG SYSTEM SD >iETHOD FOR 
SC’CLEIJIR If’EAPOXS EFFECTS DETECTIOS ANI 

D-4,WAGE -4SSESSMEST 

I. Fieid of the Xnvention 
The present invention relates generally to automated 

monitoring systems having electronic processors, but 
more specifically, the present invention relates to a 
monitoring - system and -metbd for nuclear weapons 
effects detection and damage assessment. 

2. Description of the Prior Art 
At the present time, the techniques for monitoring 

and detecring, at the earliest possible time, effects from 
a nuclear (atomic and/or themonuclearj weapon so as 
to determine damage to a ship’s structure, weapons, 
sensors and personnel are very limited in scope and 
totally inadequaie En utility and effectiveness. The pres- 
ent radiation detection, indication and computation 
(IUDIAC) equipment is composed of a fixed gamma 
dose and dose rate equipment mounted on the ship’s 
mast or above the deck. The foregoing device is ade- 
quate for its intended use; however, this equipment 
reads gamma radiation only. Consequently, there is no 
neutron capability. Also, this device measures the free 
field total radiation to the ship, not the dose to person- 
nel. The dose to persorme~ is the real critetia for deter- 

* mining injuries and/or the combat effectiveness of per- 
sonnel. 

In addition, dosimeters presently de-signed for person- 
nel use have a dose range less than the previously men- 
tioned ;quipment and are also for gamma only. More- 
over, the dosimeter has to be worn by the personnel in 
order to be effective in indicating the dose rate to the 
body. Also, in a nuclear warfare situation these dosime- 
ters may saturate and therefore be useless to determine 
personal injury. 

There are other equipments designed primarily for 
measurement of fallout radiation only. The initial or 
prompt radiation would therefore have come and gone 
before thm devicess could be put into operation. In 
addition, these devices, would not be Ale to resolve 
high peak intensities. 

Ships prexntly have no capability then tu detect a 
nuclear blast pulse, thermal pulse or elecrromagneric 
pulse (EMP). In addition, ships have no capabilitv to I 
accurately determine nuclear battle damage from a 
nuclear weapon to the ship’s structure, weapons or 
communication systems other than a visual survey, a 
task which is unrealistic in a nuclear war environment. 

OBJECTS OF TME INVENTTOX 
Accordingly a principal object of the present inven- 

tion is to configure a monitoring system for detecting, at 
the eariiest possi’ole time, the effects of a nuclear (atomic 
and/or thermonuclear) weapon in an improved manner. 

Another object of the present invention is tu monitor 
the associated effects of thermal, ionizing, and air for 
prediction of damage to the ship and personnel. 

Another object of the present invention is to deter- 
mined the characteristics of the nuclear explosion. i.e., 
yield. elevation, distance to ground zero and type of 
weapon. 

SUMMARY OF THE INVEXTION 
The primarv purpose of the present invention is to 

have available-an immediare knowledge of the effecrs of 
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a nuclear explosion and/or attack so that command 
decisions. stra1:egy and counrermeasures can quic);l>* 
ensue+ 

The essence of the present invention is in detecting 
predetermined signals which are believed sufficient 6 
characterize a nuclear weapon explosion and to assess 
damage from certain known characteristics of the pre- 
determined signals. 

The purpose of the present invention is carried-out b\ 1 
configxing the monitoring system to comprise a sensor 
head and--an dectronic signal processor. The sensor 
head is spherical shape and comprises a plurality of 
temperature sensors disposed at different location; on 
the surface of the sensor head so as to provide informa- 
tion direction of radiation. Also, disposed on the surface 
of the sensor head are a plurality of pressure sensors, 
IOW and high intensity gamma sensors. and low and 
high intensity neutrun sensors, The signals generated by 
the foregoing sensors are detected and processed in an 
electronic signal processor including a microprocessor 
and a read-only memory (ROM) which coact to calm- 
late predetermined derived quantities, such as peak 
pressure, distance to ground zero, the yield of the 
weapon, for example. 

BRIEF DESCRIfTIQN OF THE DRAWINGS 

The foregoing objects, other objects, novel features 
anb‘ advantages of the present invention will be more 
apparent from the following more particular descrip- 
tion of a preferred embodiment as illustrated in the 
accompanying drawifigs, in which: 

FIG. X is a schematic diaeram of the monitoring 
system according to the p&&t invention depicting, 
inter alia, the sensor head disposed on a ship’s mass and 
the thermally isolated electronic signal processor; 

FTG. 2 is a waveform diagram depicting examples of 
typical sign& detected by the various sensors disposed 
on the main sensor head of FIG. I; and 

FIG. 3 is a detailed block diagram representation of 
the electronic signal processor of FIG 1. 

DESCRIPTION OF THE PREFERRED 
EMBODTMENT 

FIG. 1. is a schematic diagram of a monitoring system 
10 in which the present invention is employed to derect 
predetermined signals which are sufficient to character- 
ize a nuclear weapon explosion and to assess damage 
from certain known characteristics of the predeter- 
mined signals, The tionitoring system X0 comprises a 
sensor head 12 preferably spherical in shape and of 
aluminum connected to a ship’s mast 14 high above a 
thermally isolated control center 16. The sens.or head 12 
is connected via a protected umbilical cable 18 which is 
inside the ship’s mast 14, The protected umbilical cable 
18 connects to an electronic signal processor 20 which 
is housed in the aforementioned thermally isolated con- 
trol center 16. 

To continue, the sensor head I2 comprises a plurality 
of temperature sensors 22 strategically disposed un its 
surface about its top half, and a plurality of blast over- 
pressure (pressure) sensors 24. Each one of the plurality 
of pressure sensors 24 comprises a plate 26 affixed to the 
inside surface of the sensor head 12 and a corresponding 
strain gauge 28 affixed to t’ne piare 26. T’ne sensor head 
12 further comprises a low int3Gty garxna sensor 30. ?. 
high intensity gamma sensor 32. a low intensity neutron 
sensor 34, and a high densir>* neutron sensor 36. FIG. 
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2 shows the typical responses from the aforementioned 
sensors. AVote that the thermal radiarion or remperature 
signal has twu peaks in the time interval depicted, and 
that the blast overpressure or pressure signal has a posi- 
tive pressure response and a negative pressure response 5 
during the time interval of interest. Also. both the 
gamma and neutron signals are substantially similar in 
shape and amplitude. 

. 

FIG. 3 is a detailed block diaararn representation of 
the electronic signal processor 50. It comprises a tern- 10 
perature analog-to-digital (AID) b convener 38 and a 
pressure analog-to-disrital (A/D) converter 4-O for cun- 
verting the p&y hog temperature and praure 
signals into respective digital representations* The elec- 
tronic signal processor 20 further comprises a gamma 15 
counter 42 and a neutron counter 44 for counring the 
si_nnal representation of the gamma signals and neutron 
signals when properly clocked by the system clock 6. 
The outputs of the gamma counter 42 and the neutron 
counter 44 drive a gamma latch 48 and a neutron latch 20 
SO, respectively. The foreguing latche, and, also, the 
temperature Am converter 38 and the pressure A/D ’ 
converter 40 are addressed by an address decoder 52. 
The addresses are generated by a microprocessor 54 
under control of a read-only memory (ROM) 56. The 25 
foregoing addresses alsa drive a direct acts memory 
58, which, in turn, is operativclv connected to the mi- 
croprace~sor 54. A display unit 60 for displa*g p&e- _ 
termined asmments of the nuc1e.w damage based cer- 
tain chamcteristics of the predetermined signals, and an 30 
alarm unit 62 for sounding an alarm upon the detection 
of any one of the predetermined sign& is also opera- 
tively connected to the microprocessor 54. A keyboard 
for inputting data, initiating the system, and formatting 
data is alx, connected to the snicr~process~r 54. 35 

STATEMENT OF THE OPEIUTION 
Details of the operation and the method, according to 

the prexnt invention, are expldined in conjunction with 
FIGS, I, 2 and 3, as viewed concurrently. 40 

Each one of the temperature sensor 22 is a thtmo- 
couple embedded in a copper block attached to the 
surface of the stnsur head 12. The copper block acts as 
a heat sink. The rhermocouple is calibrated for tempera- 
ture and the assembly consists of thermocouple, the 45 
copper block, and circuitry calibrated to thermal inten- 
sirv in terms of calories per square centimeter, In the 
preferred embodiment, there are twelve of the tempera- 
ture sensors 22, Anticipated range for the thermal rbdia- 
tion intensity is 1 calorie per centimeter q”are to 50 50 
caI0i-k per centimeter square. 

Each of the pressure sensors 24 are securely fastened 
to the sensor head 12. An incident blast wave will de- 
form and flex the plates 26 of the overpressure pressure 
sensors 24 in proportion to the intensity of the wave 55 
front. The strain gauge 28 is cemented to the plate 26, 

‘and, accordingly, will change its resistance indicating 
the Pressure intensity of the wave front. The anticipated 
range for pressure is 1 pound per square inch to 30 
pounds per square inch. 60 

For pqoses of the present invention, the low inten- 
sity gamma sensor 30 is a halogen Geiger-Mueller (GM) 
tube. The tube is operated at a high voltage of approxi- 
mately 700 to IOOQ volts and filled with a halogen 
quencher. The high intensity gamma sensor 32 is a recy- 65 
ciin_e ion chamber, which is argon filled under high 
pressure. When the ionization chamber sees an ionizing 
gamma radiation field, its electrical charge is drained 

4 
through the gas djelectnc causing an encased electrom- 
eter tube to drop its cathode to grid impedance. A relax- 
ation cbllator is connected tu the grid of the tube, and 
every time its cathode-to-grid impedance reaches a 
predetermined low value. it generates an output. 

The low intensity neutron sensor 34 is essentially a 
GM tube filled with BIOFj in addition to a halogen 
counting gas. The derector ponion is surrounded by 
moderator/attenuator material. The ionizing radiation 
discharges the tube producing pulse rates proportional 
to be intensity of. Ibe &dent radiation. For the high 
intensity neutron sensor 36, the configuration and oper- 
ation is skrdar except that the detection tube is much 
smaller and surrounded by thicker shielding. 

Referring now specifically to FIG. 3, in operation, 
the keyboard 64 is used to reset or initiate operation. 
The sign& from the WISU~ head 12 zs previously men- 
tioned, are temperature. pressure, gamma counts per 
minute and neutron collnt~ per minure. The temperature 
and pressur: sigrials are pure analog signals and are fed 
to the A/D convenen 38 and 40, respectively. The 
A/D converters 38 and 40 each operates on the analog 
signals and conve:rts them into digital signals. ThE 
gma latch 48, the neutron latch 50 and the aforemen- 
tioned A/D converters 38 and 40 perform similar func- 
tiorxs. Namely, they provide gating of their output data 
onto the data bus as keyed in by the address bus via the 
addra decoder 52, When it is time to gate the signals 
onto the data bus and into the microprocessor 54, the 
microprocessor 5\4 puts out an address onto the address 
bus. This address is decoded in the address decoder 52, 
which then pulses the control (CTL) inputs of the AID 
converters or latches of interest. A system clock M is 
necessary to gate the gamma counter 42 and the neutron 
counter 44 via their gate inputs as shown. After the 
count in the gamma counter 42 or the neutron counter 
44 has been stored in the gamma latch M or neutron 
latch 50, respectively, tie system clock 46 rcst~ the 
muter of interest back to zero SO that the count can 
start again during the next time interval. The foregoing 
is accomplished via the raet (MT) ourput of the sys- 
tern clock 46 and be corresponding reset (RST) inputs 
of the gamma counter 42 and the neutron counter a. 
The svstem clock 46 establishes the count interval. For 
exam& if the interval is to be a long, the system clock 
46 will generate a gate pulse once a minute and a reset 
pulse once a minute. To continue, the signals are gated 
onto the data bus by the addresses from the micro- 
processor 54 to the address decoder 52 which gates the 
A/D cowemr or latch of interest. Once the signals are 
gated onto the data bus, access the direct access mem- 
ory 58 where they are stored in predetermined loca- 
tions. After the data are stored. this information is avail- 
able for internal use md computation by the micro- 
processor 54* 

Under control of the microprocessor 54, the data - 
stored in the direct access memory 58 are converted 
into a more useful form. For example, pressure informa- 
tion is stored in the direct access memory 58, but what 
is really desired is the disrance from ground zero. The 
distance to ground zero is given by the time difference 
in the arrival of the peaks of the thennal and pressure 
waves. The time varyng pressure and temperature 
signals are stored in the direct access memory 58 and 
the differences in the ways that they are used by the 
microprocessor 54 is determined by a predetermined 
program stored in the ROM 56. All of the quantities 
that are displayed on display unit 60 are derived quanti- 
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ties, such as peak pressure. distance to ground zero, and 
the weapon yield for example. These derived quantities 
are calculated by the microprocessor 54 under control 
of ROM 56 and displayed on the display unit 60 and/or 
operate the alarm units 62, 

a 
5 

To those skilled in the art, many modifications and 
variations of the present invention are possible in light 
of the above teachings. It is therefore to be understood 
that the present invention can be practiced othewise 
than as specifically described herein and still be within 
the spirit and scope of the appended claims. 

What is claimed is: 

9 

6 
sensors for converting the purely analog tempera- 
ture signals generated thereby into a disital repre- 
sentation which is outputtd or~to a data bus: and 
pressure analog-to-digital (,&‘D) converter opera- 
tively connected to said p]urality of pressure sen- 
sors for converting the purely analog pressure sig- 
nals generated thereby into a digital representation 
which is outputted onto the data bus. 
The monitoring system of claim 8 wherein said 

10 eledrronic signal processor fuder comprises; 

1. A monitoring system for detecting the effects of a 
nuclear explosion so as to assets the damage to person- 
nel and propeny based on certain known characteristics 
of predetermined signals to be detected, comprising: 

a sensor heat for detecting the predetermined signals, 
said head h&g spherical in shape: and 

an electronic sipal processor operatively connected 
to said sensor head so as to process the predeter- 
mined sigr& according to a predetermined pro- 
gram so as to generate derived quantities from the 
certain known characteristics of the predetermined 
signals that can be used to generate derived quanti- 
ties of blast data to assess damage from the nuclear 
explosion to propeny and personnel, 

said sensor head further comprising a plurality of 
temperature sensors strategically disposed about 
the top half thereof for sensing the thermal effects 
of the nuclear explosion and to provide information 
concerning the direction of the radiation. 

2. The monitoring system of claim 1 wherein said 
sensor head further comprises a plurality of pressure 
sensors strategically disposed about the bottom half 
thereof and embedded therein for sensing the blast over- 
pressure effects of the nuclear explosion. 

3. The monitoring system of claim 2 wherein each 
one of said pressure sensors of Said sensor head com- 
pnses: 

a plate affixed to the inside surface af said sensor 
head; and 

a strain gauge fixed to said plate such that an inci- 
dent blast wave from said nuclear explosion will 
deform and flex said plate in proportion to the 
intensity thereof, and such that said strain gauge 
reacts so as to change its resist.anct thereby indicat- 
ing the intensity of the wave frant. ’ 

4. T’he monitoring system of claim 3 wherein said 
sensur head further comprises means for sensing the 
gamma radiation effects of the nuclear explosion dis- 
pcsed strategicallv about the top half of said sensor 1 
head. 

5. The monitoring system of claim 4 wherein said 
means for sensing the gamma radiation effects com- 
prises a low inrensity sensor and a high intensity sensor, 

6. The monitoring svstem of claim 5 wherein said 
sensor head funher cdmprises means for sensing the 
neutron radiation effects of the nuclear explosion dis- 
posed strategically about the bottom half of said sensor 
head. 

7, The monitoring system of claim 6 wherein said 
means for sensing the neutron radiation effects com- 
prises a low intensity neutron sensor and a high intensity 
neutron sensor. 

8. The monitoring system of claim ‘I wherein said 
electronic signal processor comprises: 

a temperature analog-to-digital (A/D) converter op- 
eratively connected to said plurality of temperature 

.C a gamma counter operatively connected to said 
means for sensing the gamma radiation; 

a neutron cuunter operatively connected to said 
means for sensing the neutron radiation; and 

15 a system clock operatively connected to said gamma 
counter and to said neutron counter such that when 
clocked at predetermined intervals, said gamma 
counter county the signal represenrative of the 
gamma radiation, making ir available at its output, 

20 and such that when clocked at the predetermined 
intcwals, said neutron counter counts the signal 
reprffentative of the neutron radiation making it 
avatiable at its output. 

10. The monitoring system of claim 9 wherein said 
25 electronic signal pro-r further cdmprkes: 

a gamma latch operatively connected at its input to 
the output of said gamma counter and its output to 
the tiara bus; 

a neutron latch operatively cormected at its input to 
30 the output of tid,neutron counter and at its output 

to the data bus; and 
an address decoder operatively connected at its input 

to an address bus and at individual outputs to corre- 
spondinp individual control inputs of said tempera- 

35 ture A/D converter, said pressure A/D converter, 
said gamma latch, and said neutron latch such that 
addresses at the input of said address decoder are 
decoded and in response&d decoder then pulsing 
the control inputs according to the addresses. 

40 11, The monitoring system of ckim 10 wherein said 
electronic signal proce~~r further comprises: 

a microprocessor operatively connected to the data 
bus and the address bus: 

a read-only memory (ROM) operatively connected 
4s to said microprocessor; and 

a direct access memory operatively connected to the 
data bus, to the address bus and to said micro- 
processor, such that data on the data bus are stored 
in predetermined lmations in said direct access 

SO memory for use and computation by said micro- 
proce~or as determined by a prdetermined pro- 
gram stored in said JZOM. 

12. The monitoring system of claim 11 wherein said 
electronic signal processor funher comprises: 

55 a keybard operatively connected to said micro- 
processor for resetting or initiating operation of 
said monitoring system; 

an alarm unit operatbely connected to said micro- 
processor for sounding an alam upon the detection 

60 of any one of the predetermined signals; and 
a display unit operatively connected to said micro- 
+ processor for displaying quantities derived from 

the predetermined signals. such as peak pressure. 
distance to ground zero and weapon yield. gamma 

65 dose and dose rate, newL1 ~trrcn dose and dose rate. 
direction of the nuclear explosion, thermal radia- 
tion intensity and the type of weapon. 
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